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REMARKS 

* 

Claims 1 through 23 continue to be in the case. 
Claims 1 through 23 are allowed. 

The Office Action ofMarch 16, 2004 states that this application is in condition for 
allowance except for the following formal mattm: 

The disclosure is objected to because of the following informalities: Reference is 
» " ■ ... ' ■ - 

made to speci fic claims throughout the claims*** • 

The disclosure is objected to because of the following infoimalities: the 
specification improperly inakes referehce to ci^ 

lines 6 and 9, page 1 ), applicaut is advised to delete all reference to claims and incorporate 
the claims by rewriting them in the spccificationi Appropriate correction is required. 

Applicants coitiply with the above-^stated requirements and provide a 
substitute Specification in which references made to specific claims have 
been removed. The applicants also enclose a marked-up copy of Uie 
Substitute Specification^ 

The Office Action contiiiiieS that the applicant is reminded of the proper language 
and format for an abstract of the disclosure. The abstract should be in narrative form and 
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generally liniited to a single paragraph on a separate sheet within the range of 50 to 150 
words. U is important that the abstract not exceed 150 words in length since the space 
provided for the abstract on the computer tape used by the printer is limited. The fonn and 
legal phr«eology often ussed ill patent claiins, such as "means" and "said," Should be 
avoided. The abstract should describe the disclosure sumciently to assist readers in 

' ■ f ■ ' ' * ■ • . 

deciding whether there is a. need for consulting the full patent text for detansy the 
language 4iould be clear and concise and should not repeat information given in the title. It 

■ .* ' 

should avoid using phrases which oan be iinpUed, such as, "The disclosure concerns." 
disclosure defined by this invention," "The disclosure describes," etc. 



Applicants appreciate the IdSid suggestions of liie Examiner and enclose 
the Abstract of Disclosure ill compliance with the above-stated resquirements. 



The Office Action states that claims 1-23 allowed: As to claims 1-8 and 13-20. the 
prior of record, taken alone or in combination fails to disclose or render obvious an 
apparatus for non-contact three-dimensiohal measurement of bodies consisting of a 
turntable jto receive a body and an optical triangulation sensor wherein said body is located 
on die turntable in a system of coordinates detennined. one the otte hand, by at least two 
parallel lines or body edges with a known spacing and angles of the nantable and, one the 
other hand, by at least two measuring points at known distances froin a center and known 
displacement of the triangulation sensor between these measuring points, in combinatipo 
with the rest of the lunitaiions of claims I and 13 respectively. 



Ser No. 10/009,862 KSE2G1A2 . May 5, 2004 ^age 13 

PAGE 14/27 ' RCVD AT 5/17120(14 3:32:01 PM (Eastern Daylight Time] * SVI^:USPT0-EFXiV-1/9 * i}NiS:8729306 * CSiD:19085266977 * DURATiON (inin-ssj:06-04 



May 17 04 031 3ep KASPER 8c LflUGHLiH 190852BGS77 



Applicants appreciate the fact that the prior of record fails to disclose or 
render obvious the present application as to claims 1 ^8 and 1 3-^20. 

llie OfHce Action lurther states that as to claims 9-12 and 21-23| the prior of 
record, taken alone or iii comhination* fails to disclose or render obvious a method for 
non-contact tiiree-dimensional measurement of bodies consisting of a turntable to receive a 
body and an optical triangulation sensor wherein at least two lines or body edges nmning 
parallel at a Igiown distance are used to determine angles of turntable by rotating said lines 
and subsequently captutiiig them in the measuring ^ot of said triangulation sensor in a 
first and second position by the known dislocation^ said angles being used to calculate the 
distance of said triangulation sensor from the center of said turntable and to further 
calculate the coordinates x, y of said triangulation sensor (2) relative to the turntable center 
(M) as coordinates of origin^ in combination with the ri^t of the limitations of claims 9 and 
21 re$pectively. 

Applicants appreciate the fact that, the prior of record fails to disclose 
or render obvious the present application as to claims 9-12 and 2 1 *23. 

Reconsideration of all outstanding rejections is respectfully requested. 

Ser. No. 10/009,862 KSE201A2 May 5, 2004 Page 14 

PAGE 15/27' RCVD AT 5/17/2004 3:32:01 PM jEastem Daylight Time] ' SVR:USPT0-EFXI{F-1/9 * DNI8:8729306 * CSiD: 19035206977 * DUIUTION (inin-ssj:06-(M 



May 17 04 03i36p KflSPER 8. LflUGHLIN 19085256977 

V . . . , 

All claims as presently submitted are deemed to be in form for 
allowance and an early notice of allowance is earnestly solicited 



Respectfully submitled. 
Dieter Gebauer et al. 



By: 




Hoist M* Ka^per, their attorney 
13 Forest Drive, Warren, N. J, 070S9 
Tel.: (908)526-1717; Reg. No. 28559 
Attorney's Docket No. : KSE20 1 



♦%PAMero(KSE201 A2Q4ay 5, 2004(am 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



SUBSTITUTE SPECIFICATION 
(marke<i-up copy) 



&iventQr(s): Pieter Gebauer et al. 



title: APPARATUS FOR NON-CONTACT THREE-DIMENSIONAL 
MEASURING OF BODIES AND METHOD FOR DETERMINING 
A SYSTEM OF COORDINATES FOR MEASURING POINT 
COORDINATES 



Horst M. Kasper> their attorney 
13 Forest Drive, Warren, N J. 07059 
Tel.: (908) 526-6100; Reg.No.: 28559. 
Attorney's Docket No.: K$E20l 
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Description 



Apparatus for non-contact thre(>diniensiona] mea^iin of bodies 
and method for detennining a system of coordinates for 
measuring point coordinates. 



This invention relates to apparatuses for non-contact three- 

■ ■ z 

diiiiensional measurement of bodies OPoording to tibio introductory 

port of olaim 1 and methods for detpnnining a system of 

coordinates for measuring points on an apparatus fpr non-contact 

■■ . " . ' ■ ■ ' 

-^ree-dimet1$ional nieasuring of bodies according to the 

. . * ■ 

introductory part of oloim 9 > 



The triangulation method is one of the most comrnon rnethods 



used/ in range and 



measurement and two- or threes 



dimensional contour detection. A triangulation sensor is used^ and 
the beam from a laser diode is focused tlirough a lens on the 
worlcpiece. It produces a bright light spot. When this light spot is 
viewed at a fixed , angle using a position detector or camera^ the 
place where the spot is shown moves within the image as soon as 



- 1 - 
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the intersecting poiiit of the laser beam and the wprkpiece are 
moved relative lo the sensor. This displacement 15 measured to 
determine the distance of the workpiecc or ite surface contour 

1 ii 

when moving perpendicular to the illuminating laser beam. 

DE 43 01 538 Al (Apparatus and arrangement for non-contact 
three-dimensional measuring, in particular for measuring plaster 
casts of teeth) usiss a turntable on which the body to be measured 
is placed, a triangulation sensor and a data processing oftd control 
unit connected to it to determine the geomet^ 
Measurement is based on either local calibration of each 

♦ 

measuring head that must take into account in summary the act^^^ 
position of measuring surfaces in space by coordinate 
transformation, or calibration of the entire measuring system 
using at least one calibrating body where all points in space that 
arc of interest are entered into a joint calibration table. Calibration 

J- * • " ' ^ ■ 

cannot be avoided. 

* 

DE 44 07 518 Al describes an apparatus and a method for non- 
contact measurement of three-dimensional objects based on 
optical triangulation. The triangulation sensor can be moved in 
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one direction (y direction) and pivoted in the x plane across a 

* ' * r ♦ ■ • ' 

preset angular position at a fixed poinL thai can be chosen. This 
invQlve$ two independent movements of the triangulation sensor. 
The object to be measured is located on the turntable. This 
turntable oii the one hand provides rotary movement, on the other 
^ hand it xan be moved in vertical direction to the movement of the 

sensor usmg another driving mechanism. The movements of the 
triangulation sensor and the turntable determine th^ coordinates of 
the measuniig spot of the radiation source. Tilting the 
triangulatioii sensor allows measuring most dimensions of 
undercuts, covered points, pocket holes and siimilar spots of the 
object. DE 40 37 383 Al (Method for continuous contactless 
measureraeiit of outlines and arrangement for carrying out the 
measuring procedure) uses triangulation to determine the outer 

' •! ' * ' ■ ' 

cpntdUf line of a moving profile. The sensor only detects the 

> . ^ ^ ■ 

distance to the profile and thus its contour. The measuring spot 
cannot be placed in a system of coordinates. 

* J- ■ - * 

fc ' ■' , 

*■ 

DE 19S 04 126 Al (Apparatus and metiiod for contactless 
measurement of threes-dimensional objects using optical 

A. » - » 

> * A 

• . - , k 

triangulation), DE 197 27 226 Al (Set-up of measuring 

V _ 

■ w 
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instruniente and method for contactiess 

dimensional spatial shape of a groove in a spectacles frame), and 
(JS 5 270 560 (Method and apparatus for measuring workpiece 
surface topography) record the outlines of wprkpieccs or 
workpiece parts to be detected step by step. The respective 
workpiece or workpiece part is only measured relatively, 

Coordinate measurement on an object surface is carried out in DE 
40 26 942 Al (Method for contactiess measurement of object 
surfaces) where images are recorded using a camera. This camera 

* 

is mounted to an index arm of a coordinate gauging device that, 
can be moved in three ^atial directions (x and y directions and 
pivoting). The object to be measured is located on a turntable, 

' The problem of the invention doscribod in ploims 1 and 9 is to 

provide easy three-dimensional measiirenient of the ge^ 
body and to easily and correctly match triangulation measurenient 
data with the three-dimensional geography of a body. 

This problem is solved by the following characteristics! listed in 
claims 1 and 9> 
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- a turntable (I) receiving a body aiid an 'om ical triangulation 

* 

sensor (21 with at least one radiation, source, radiation dcgtcctor. 
and an optical fivsteth. The triangulation sensor (2\ jst placed 
above said turntable in and can be moved along an axis using a 
driving mechanism so that radiation from the radi ation source hits 
the body located on the turntable II Y in a system of coordinates^ 
The coordinates ate determined, on the one han d, fev at least two 
parallel lines fgi. eZ) or body edges wifli a tmown spading Id) and 

* _ 

angles fa. pY of the turntable (l\ anJ. on die other hand, bv at 
least two measuring Joints at kndw^ distances Y R 1 , R2V frorr^ the 

center flVlY and known displacemerit ra> of the tr iangularion sensor 

■'• " " "■ • ■ ^ . ' . • " ' - - : - ■' ■' ^ 

(2V between these measuring points, and the turntable YIY. the 
driviiig mechanisiri and the triangulation sensor (2) arc connected 

^ - ' F ' . " " • 

to a data processing and control tmit: 



- a turntable flVrcccivin^ the bodv: 



- an optical triangulation sensor (2) with at least one radiation 

T- . . . . ■■ - - ^ 

source (3). radiation detector (4). and an optical syste m. The 
triangulation sensor (2Y is placed above the turntable (\) and can 
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be moved along an axis using a driving mechanism so that the 
radiation (91 from said radiation source (3) hitM said body, and: ^ 

♦ 

- a data processing and control unit for turntable H). driving 
mechanism and triangulation sensor In the triangulatioii 
sensor ID at least two lines /gl> g2) or body e dges running in 
parallel at a known distance fdY are used to determine angles fa, 
pY of turntable (V\ bv rotating said lines and subseQuentlv 
iyapturing them in the rneasuring snot of the triangulation sensor 
{T\ In a first and a second position of the triangulation sensor (T\ 
displaced from the fi rs t position bv the, known dislocation c. The 
angles are being used to calculate the distances RL R2 of said 
triangulation sensor (2Y firom the center YMY of said turntable and 
to further calculate the coordinates v of said triangulation 
sensor QV relative to the turntable center YM't as coord inates of 
origin. 

The apparatus for non-contact three-dimensional measurement of 
bodies and the method for determining a system of measuring 
point coordinates on an apparatus for non-contact three- 
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dimensional measurement of bodies are characterized by 
particular simplicity and easy implementation. Advantageously, 
this makes the apparatus and method applicable in production 
sites for special workpieces. the design is very simple, and the 
method requires simple and cost-efficient set-up, which ensures a 
wide range of uses. 

The basis of the system is an optical triangulation s«isor. The 
beam of a laser diode is focused through a lens on the workpiece. 
A light spot emerges on the wotkpiccc. This spot is recorded at a 
fixed angle by a radiation detector. When the workpiece moves 
. relative to the triangulation sensor, the place where the spot is 
shown also moves within the image. The outline of the worlcpiece 
is determined by measuring tijis displacement. 

Before the workpieces are measured, a system of coordinates for 
three-dimensional matching of the woikpiece geometry is 
deteiinined in a first measurement. A body with known 
dimensions of its edges or lines is placed on the turntable and 
measured during one rotation using the triangulation. sensor. The 
body can be placed on the turntable in any position. Instead of 
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said body, lines can be placed onto or into the surface of the 



turntable* 



The triangiUation sensor can scan the workpiecc moving the 
sensor along just one axis and rotating of the workpiece. 
Controlled triggering of the respective driving mechanisms and 
use of the system of coordinates results in continuous detection of 
the workpiece geometry at a high measuring data rate and 
precisioii. The apparatus aocotding to the invention is thus 
characterized by its minimal design. The low number of 

■ . - * • " . 

movements required, i.e. one translatory movement of the 
triangulation sensor and a rotational movement of flie turntable, 
results in determining the outline of a body with a minimal error 
of measurement. 



Advantageously, the apparatus is particularly suited for measuring 
rotationally symmetric workpieces. Advantageously, the method 



can 



be used to measure lOtationaUy symmetric workpieces. 



Control and calculation of workpiece geometry is advantageously 
controlled using a coniputer. 
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Preferred embodiments: 

* 

10 8 Olid 10 and 12. 



iosoribod in olaims - a 



4 • 

Tlift a pparatus is ch aT?9*erized in that: 



in 



the radiation <fi"rf,e Y3V of ^he triangulation sensor (2) is 
siirh a way th«t the fadiatiQ " from the radiation source (3) Js 
pyr pfindicular tn the surf ace of said ti'immble fl), Tlic 
trianeuiation sensor ri') is p l^^-«^ a hiUFe or hall-and^sncket 
joint above tiirntable n^ and Can b e moved along an axis 



driving 



^irectlv and/nr indirectly measures thff anple between flie- 
radiation (9^) ^^"'^ the workp iece. At least some areas, of the 
surface of a l ? 9dv that t)rbdiogs excessi ve scattering in the form of 
multiple reflections of the radjfltion (9^ frni^fi the radiation sowroQ 
3) gr ft fivec ll Y and/or rcmnvably cov ar^ bv a covering bodv_Qf 

iTTiown thickness and wi t h low^scatterip g surfaces. The parallel 
lines or body edges of a mea ^yrinp bodv are straight or annular on 
s^j .^ turntable (I V A measurin g bodv with at least two edges or a 
measuring bodv with at least two lines i? placed on said turntable 
when det^^ining a system of coord inates onlv. The turntable 



.0 - 
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(^ ) at least t« f 9 stocs frr bodies placed at a distance froi 
^ar.h other. At l east one magnet is M &fmir4 itlt9 ^9^^ ^t^tabl? 



Th<> mftthoH is characfgrized in that: 



Th« radiation s'^'*^^ of sai ^^/Hanpulation sensor (2> is place4 
in such a way t^?t the radiatin ti the radiation source Pits 
r^r pendicular the siirPace of said tumta ble Q) The pawlk) 
linca or bodv « measuring b n^Y ^'^^ arpan^g^ straightlv or 

^^«»iariY »iaid tumtable (1 ^ A measuring hndv with at le^t 
two edges or a meflsurine bodv with at least two lines is plaged on 
said tumtable n ^ when dete ^ifiniiig a svstwn of COPtdiTiates oqb^ 
The radiation source (3> of the triangula Hoii ^ensor (2) is placed jn 
such a way that the radiation firor ^ the radiation souroo |3y is 
perpendicular to the surface of t he tumtable flV 
The surface profile of the workpiece is detected by one 
peipendicular movement to the illuminating laser beam of the 
triangulation sensor accordinB to ttio improvoinont doooribod in 

olaim 2 > 
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